In this study, response surface methodology (RSM) was used to optimize the experimental conditions in nitrate removal processes using 20% AEPTMS amine-functionalized MCM-41 as the adsorbent. The adsorbent was synthesized via cocondensation method and then characterized by using scanning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR). Subsequently, total 19 adsorption experiments with different experimental conditions generated by the Design of Experiments (DoE) software have been conducted. The experimental results were fitted well with the quadratic model suggested by the software and the R 2 value obtained was 0.9935. It was found that the highest percentage removal of nitrate was 70% obtained at initial nitrate concentration of 0.25 mM, adsorbent dosage of 0.50 g and contact time of 1 h. On the other hand, the optimum nitrate removal of 56% was obtained at the optimum conditions suggested by the software, with the initial nitrate concentration of 0.25 mM, adsorbent dosage of 0.124 g, and contact time of 1 h.
Introduction
Nitrate is widely used to produce fertilizer due to its high solubility and biodegradability in water. However, the excessive use of fertilizer in agriculture has caused leaching of nitrate into the ground water, which then contaminates the river around the agricultural area and water supply [1, 2] . High nitrate concentration in drinking water may bring us various health effects. For instance, infants under six months fed with nitrate contaminated water could have blue baby syndrome, and if untreated, may die [3, 4] .
Various methods have been developed for nitrate removal up to date. The most common methods are ion exchange, reverse osmosis and electrodialysis [5] [6] [7] . Even though these methods have their own advantages in removing nitrate, they possess some major drawbacks such as high waste disposal, formation of disinfection byproducts, expensive and operation complexity [6, 8] . Adsorption, on the other hand, is more favourable for nitrate removal process due to its simplicity of design, ease of operation, and less to no waste disposal [7, 9] .
Among all the conventional adsorbents, mesoporous materials are most popular due to its large surface area, high pore volume, and high thermal stability [9] [10] [11] . These materials are normally functionalized with different amine groups in order to further improve the adsorption capacities [11, 12] . According to our preliminary study, MCM-41 functionalized with 20% AEPTMS can achieve high percentage of nitrate removal [13] . However, optimization of the operating parameters in nitrate adsorption process are yet to be studied.
In the present work, MCM -41 loaded with 20% of 3-[2-(2-aminoethylamino)ethylamino] propyltrimethoxysilane (AEPTMS) amine group was synthesized via co-condensation method. The morphology and functional group of the resultant adsorbent were verified through scanning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR). Subsequently, nitrate removal tests were conducted based on the experiment conditions suggested by Design of Experiments (DoE) software and response surface methodology (RSM) was applied to determine the optimum parameters for nitrate removal.
Methodology

Design of Experiments
The removal of nitrate from aqueous solution using 20% AEPTMS amine functionalized MCM-41 was designed by central composite design (CCD) coupled with RSM using Design Expert 8.0 software. Based on the reported literature [14] [15] , the crucial experimental conditions in nitrate removal process were identified and their respective ranges are tabulated in Table 1 . Based on these ranges, total 19 experimental runs with different experimental conditions were generated by the software and these conditions are listed in Table 2 . 
Materials and Methods
Tetraethoxysilane (TEOS), cetyltrimethylammonium bromide (CTAB), 3-[2-(2-aminoethylamino)ethylamino]propyl trimethoxysilane (AEPTMS), sodium hydroxide (NaOH) and de-ionized water (H2O) were used to synthesize 20% AEPTMS amine functionalized MCM-41 adsorbent in this study.
Synthesis of Adsorbent
The adsorbent was synthesized via co-condensation method following the procedure reported in the literature with some modifications [16] . The mixture of CTAB (2 g, 5.49 mmol), NaOH (7mL, 2M, 14 mmol), and H2O (480g, 26.67 mol), were heated at 80 ºC for 30 minutes. Then, TEOS (8.452 g, 40.44 mmol) and AEPTMS (2.683 g, 10.11 mmol) were added sequentially into the mixture. The temperature of the reaction mixture was maintained at 80 ºC. After reaction duration of 2 h, the resultant mixture was centrifuged, washed with water, and then dried in oven. Subsequently, acid extraction was performed on the sample in order to remove the surfactant. The product material (1 g) were treated with methanol (100 mL) and concentrated HCl (1 mL) mixture under vigorous stirring at 80 ºC for 6 h. Finally, the resulting solid product was centrifuged and washed with water and methanol, and then dried in the oven. 
Characterization
Fourier transform infrared spectroscopy (FTIR, Shimadzu 8400s) was used to verify the functional group of the sample in the wavelength ranging from 400 to 4000 cm -1 . Meanwhile, scanning electron microscope (SEM, Hitachi TM 3030) was used to analyze the surface morphology of the sample.
Nitrate Removal Study
The uptake of nitrate was carried out according to the experiment conditions as shown in Table 2 . First, 25 mL of A mM sodium nitrate solution was added to B g of adsorbent in a conical flask. The mixture was shaken by hand for one minute before thoroughly mixed using stirrer for C hours. After C hours, the solid and solution phases were separated by using glass syringe through a 5 μm nylon filter. 15 mL of each solution was collected in clean vial for nitrate concentration analysis using UV-Vis Spectroscopy (Cary 60). The percentage removal of nitrate was calculated using Equation 1 as follows [14] : (1) where Ci is initial nitrate concentration in solution (mM) and Cf is the final nitrate concentration in solution (mM).
Statistical Model Analysis and Optimization Study
The results obtained from nitrate uptake studies was analyzed using Design Expert 8.0 software via analysis of variance (ANOVA) and Design Expert plot. Both tools were used to estimate the error and determine the accuracy of the model generated by the software based on the experimental result.
In addition, numerical optimization was used to optimize the experimental conditions. The optimization was done by setting a set of goals for each variables and responses. Then, the software will generate a list of possible solutions with optimum condition. The optimum condition with highest desirability, D was selected as the optimum condition. Total of 4 nitrate removal experiments were conducted at the optimum condition in order to verify the accuracy of the prediction. Fig. 1 (a) shows the FTIR spectra of the synthesized adsorbent. Strong absorption band was observed near 1050 cm -1 to 1100 cm -1 due to the Si-O stretching vibrations in Si-O-Si structure, which represented the structural characteristic of silica [17] [18] . The absorption band from 1620 -1650 cm -1 indicated H-O-H bending vibration of water molecules [17, 19] , meanwhile, the broad band at 3100-3600 cm -1 was attributed to the adsorbed water molecules [17] . The presence of -NH2 symmetric vibration at around1500 cm -1 indicated the successful functionalization of amine group into the mesoporous silica MCM-41 structure [19] .
Results and discussion
Characterization
Fourier Transform Infrared Spectroscopy (FTIR)
Scanning Electron Microscope (SEM)
The surface morphology of 20% AEPTMS amine-functionalized MCM-41 was studied using scanning electron microscope (SEM). Fig. 1 (b) shows the morphology of the adsorbent. The particles were spherical in shape, well ordered and arranged with particles size of around 1.50 to 2 μm. 
Nitrate Removal Study
Statistical Model Analysis
Response surface methodology (RSM) was used to correlate the interactions between the independent variables including, initial nitrate concentration (A), weight of adsorbent (B), contact time of adsorbent (C) and response variable, percentage of nitrate removal (Y) in the nitrate removal study using 20% AEPTMS amine-functionalized MCM-41. Table 2 tabulates the results of the response by each experimental run. Referring to Table 2 , the highest percentage of nitrate removal achieved by the adsorbent is 70%. Table 3 shows the ANOVA results generated by the software. The model was selected based on the highest order polynomial where the additional terms were significant (a)
and the model was not aliased. In this study, a quadratic model was suggested by the software with F-value of 58.99 and "Prob > F" of 0.0001. Besides, for the model term to be significant, the calculated probability should be less than 0.05 ("Prob > F" less than 0.0500). In this case, A, B, AB, A 2 , B 2 , AB 2 were significant while C, AC, BC, C 2 , ABC, A 2 B, A 2 C were insignificant to the percentage of nitrate removal. On the other hand, the "Lack of Fit F-value" of 3.06 indicated that the lack of fit was insignificant. This result implied that the model fitted the experiment data in the present study. where Equation 2 is subjected to 0.05 mM A 0.25 mM, 0.05 g B 0.50 g and 1 h C 24 h.
The percentage of nitrate removal plots for the three variables have been predicted based on the model and shown in Fig. 3. From Fig. 3 , it can be observed that both of the parameters, initial nitrate concentration (A) and weight of adsorbent (B) exhibit great effect on the nitrate removal process. As the initial nitrate concentration increased, the percentage of nitrate removal increased proportionally. This was mainly due to the higher concentration gradient which acted as a driving force to overcome the mass transfer resistance between bulk solution and adsorbent surface [20] . On the other hand, the weight of adsorbent appeared to have little or no effect on nitrate removal at low initial nitrate concentration (Fig. 3a) . However, as the initial nitrate concentration increased, the percentage of nitrate removal increased with the increase in weight of adsorbent. This indicated that the weight of adsorbent also has a significant effect in the nitrate removal process when the initial nitrate concentration increased. The increase in percentage of nitrate removal was because of the increase in the total available adsorbent surface area and adsorption sites with increasing adsorbent weight [21] . However, the percentage of nitrate removal did not increase with increasing contact time at any initial nitrate concentration (Fig.3b and Fig.3c ). It can be inferred that the adsorbent has reached the maximum adsorption capacity within or before one hour. In the other words, the surface coverage of the adsorbent was already saturated with nitrate in less than one hour. Therefore, it can be concluded that the percentage of nitrate removal was highly dependent on the initial nitrate concentration and weight of adsorbent but independent on contact time of adsorbent between 1-24 h. Table 4 shows the goals set in the current work for the optimization of nitrate removal, while Table 5 shows the optimum conditions suggested by the software. The optimum condition with the highest desirability, D of 0.871 was selected in this work. The optimum condition suggested by the software was at initial nitrate of 0.25 mM, adsorbent weight of 0.124 g and contact time of 1 h. Total 4 experiments were conducted at this optimum condition in order to verify the accuracy of the prediction and the results are shown in Table 6 . Referring to Table 6 , the experimental results are closed to the predicted values with average percentage error of 6.27%. 
Optimization Study
Conclusion
Based on the results obtained in this work, it was found that 20% AEPTMS amine functionalized MCM-41 could achieve up to 70% of nitrate removal at initial nitrate concentration of 0.25 mM, adsorbent dosage of 0.50 g and contact time of 1 h, which was higher than those removal results using pure MCM-41 reported in the literature. Besides, the optimization study on the nitrate removal process has also been successfully conducted by using response surface methodology (RSM). Based on the software, the model was significant with F-value of 0.0001 and correlation coefficient, R 2 of 0.9935. The interaction between variables and response has been demonstrated in 3D surface plots through prediction from the model. Furthermore, nitrate removal of 56% was obtained at the optimum condition with initial nitrate concentration of 0.25 mM, weight of adsorbent of 0.124 g and contact time of 1 h. The optimum condition was verified through experiments and the results were in good agreement with the predicted data.
